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(54) BCD subcode time information 



(57) A.data record medium on which a digital signal 
has been recorded is disclosed, the digital signal being 
-composed of main data and a sub code, the sub code 
having time information representing reproduction 
elapsed time, the sub code being recorded in associa- 
tion with the main data, wherein information that repre- 



sents the reproduction elapsed time of the sub code is 
represented with a binary coded decimal number and 
address information in synchronization with the time in- 
formation of the main data is represented with a binary 
number, the address informiation being contained in the 
main data. 



Fig. 11 

_ ADDRESS CONVERSION 

BCD NOTATION : BINARY NOTATION : 

(HOURS), MINUTES. MINUTES. FRAMES "HOURS X 60 X 60 X 75 

+ MINUTES X 60 X 75 
+ SECONDS X 75 

+ FRAMES" - 24-BIT (23-BIT) BINARY NUMBER 



BINARY NOTATION : BCD NOTATION 

24-BIT (23-BIT) BINARY NUMBER a - 

a / 60 X 60 X 75 QUOTIENT H : REMAINDER b 
b / 60 X 75 QUOTIENT M : REMAINDER c 
c / 75 QUOTIENT S : REMAINDER F 
^ H. M. S, F 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 1 089 271 A2 



2 



Description 

[0001] The present invention relates to a data record 
medium, a recording apparatus, a reproducing appara- 
tus, and a reproducing method that allow addresses cor- 
responding to a high density structure to be displayed. 
[0002] As a record medium on which audio data is dig- 
itized and optically recorded, a compact disc (CD) is well 
known. A CD has a diameter of 12 cm, a track pitch of 
1 .6 p.m, and a line velocity of 1 .2 m/s. On a CD, digital 
audio data of up to 74.7 minutes can be recorded. When 
the track pitch of a CD is as narrow as 1 .5 \im as the 
narrowest pitch defined in its standard, digital audio data 
of around 80 minutes can be recorded. 
[0003] In addition, as a read-only record medium, a 
CD-ROM of which a CD is applied to a ROM (Read Only 
Memory) in such a manner that digital data other than 
digital audio data is pre-recorded to an audio record ar- 
ea of the CD has become common. In the same stand- 
ard as a CD, digital data of 650 Mbytes or more equiv- 
alent to digital audio data of 74.7 minutes can be record- 
ed to a CD-ROM. 

[0004] Each of a CD and a CD-ROM has a sub code 
composed of eight channels (P. G, R. S, T, U, V, and W 
channels) . Time information of digital data that is record- 
ed is placed in 72 bits of the Q channel. The time infor- 
mation is categorized as two types of reproduction 
elapsed time referred to as absolute time and relative 
time. The absolute time represents a time period from 
the beginning of the record area. The relative time rep- 
resents a time period from the beginning of each music 
program or each index. Each of the two types of elapsed 
time is represented as minutes (MIN), seconds (SEC), 
and frames (FRAME) as time units. In a CD, the time 
information represents address information of digital da- 
ta. 

[0005] Each of the time units "MIN", "SEC", and 
"FRAME" is assigned data of eight bits and represented 
with a two-digit BCD (Binary Coded Decimal) number. 
Thus, in a CD and a CD-ROM, "SEC is represented 
from "00" to "59" in the BCD notation; "FRAME" is rep- 
resented from "00" to "74" since one second is equiva- 
lent to 75 frames; and "MIN" is represented from "00" to 
"79" because the recordable time period of digital data 
corresponding to the CD standard is less than 80 min- 
utes (in other words, in the non-CD standard, "MIN" is 
represented from "00" to "99" in the BCD notation). 
[0006] On a CD-ROM, time information (address in- 
formation) has been recorded to a header portion of 
main data as well as the Q channel. As with the Q chan- 
nel, each of "MIN", "SEC", and "FRAME" is assigned 
data of eight bits and represented with a two-digit BCD 
number. 

[0007] On a blank write-once-read-many type CD-R 
(CD-Recordable) disc and a rewritable type CD-RW 
(CD-Rewritable) disc, record address information re- 
ferred to as ATIP (Absolute Time In Pre-grooves) is FM- 
modulated and recorded to guide grooves (pre-grooves) 



that are wobbled in the radius direction with a sine wave 
of 22.05 kHz in the format of "MIN", "SEC, and 
"FRAME" in the BCD notation. 
[0008] As advancement of the pit forming technology 
5 and recording and/or reproducing technologies and 
achievement of short wavelengths of laser light, as with 
a DVD (Digital Versatile Disc or Digital Video Disc), the 
storage capacity of record mediums tends to increase. 
Thus, requirements of high density structures of con- 
to ventional CD and CD-ROM are becoming strong. 

[0009] When the record densities of the conventional 
CD and CD-ROM are doubled, digital data of around 
150 minutes can be recorded. When their record densi- 
ties are quadrupled, digital data of around 300 minutes 
is can be recorded. 

[0010] However, in the conventional CD and CD- 
ROM, as was described above, each of "MIN", "SEC", 
and "FRAME" that are time information is represented 
with a two-digit BCD number. Thus, the time information 
20 of the conventional CD and CD-ROM cannot represent 
a time exceeding 100 minutes. As a result, the system 
does not work. 

[0011] The present invention is made from the above- 
described point of view. An object of the present inven- 
ts tion is to solve a problem of conventional CD and CD- 
ROM and provide a record medium that allows time in- 
formation corresponding to a high density structure to 
be displayed with maintaining the compatibility thereof. 
In addition, to allow the present invention to be properly 
30 applied to a computer, address information of a CD- 
ROM and ATI P of a CD-R and a CD-RW are represented 
in the binary notation. Another object of the present in- 
vention is to provide a recording apparatus that records 
such time information to a record medium. A further ob- 
35 ject of the present'invention is to provide a reproducing 
apparatus that reproduces such time information from 
a record medium. 

[0012] To solve the above-described problem, a first 
aspect of the present invention is a data record medium 

40 for recording a digital signal composed of main data and 
a sub code, the sub code having time information rep- 
resenting reproduction elapsed time, the sub code being 
recorded in association with the main data, wherein the 
time information representing the reproduction elapsed 

45 time contained in the sub code has a sub code area rep- 
resented with a binary coded decimal number, a header 
area for address information that is a part of the main 
data and that is in synchronization with the time infor- 
mation, and a data area for user data that is received 

so from the outside as a part of the main data, the address 
information being represented with a binary number. 
[0013] A second aspect of the present invention is a 
data record medium on which record address informa- 
tion as a guide for data has been recorded with a binary 

55 number, wherein the data record medium has a record 
area for main data and a sub code corresponding to the 
record address information, the sub code having time 
information representing reproduction elapsed time in a 
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binary coded decimal notation in association with the 
main data. 

[0014] A third aspect of the present invention is a re- 
cording apparatus for recording main data and a sub 
code to a data record medium, the sub code having time s 
information representing reproduction elapsed time, the 
sub code being recorded in association with the main 
data, comprising: means for generating the time infor- 
mation with a binary coded decimal number; 

converting means for converting the binary coded 
decimal number into a decimal number; and recording 
means for causing said converting means to convert ad- 
dress information contained in the main data and is in 
synchronization with the time information into a binary 
number and recording the resultant data along with the 
time information to the data record medium. 
[0015] A fourth aspect of the present invention , is a 
data recording apparatus for recording main data and a 
sub code to a data record medium, the sub code having 
time information representing reproduction elapsed 
time, the sub code being recorded in association with, 
the main data, comprising: means for generating ad- 
dress information that is contained in the main data, is 
in synchronization with the time information, and is rep- 
resented with a binary number; converting means for 
converting the binary number into a binary coded deci- 
mal number; and recording means for forming a sub 
code with the time information converted into the binary 
coded decimal number by said converting means and 
recording the sub code along with the main data to the 
data record medium. 

[0016] A fifth aspect of the present invention is a data 
recording apparatus for recording data to a data record 
medium on which record address information for record- 
ing data have been formed with a binary number and 
the record address information has been assigned with 
guide grooves wobbled at predetermined intervals, 
comprising: reproducing means for reproducing the 
record address information from the data record medi- 
um; first recoding means for recording time information 
representing reproduction elapsed time of main data in 
synchronization with record address information repro- 
duced by said reproducing means with a binary coded 
decimal number, the time information being in associa- 
tion with the main data; and second recording means 
for recording the main data. 

[0017] A sixth aspect of the present invention is a re- 
producing apparatus for reproducing main data and a 
sub code from a data record medium, the sub code hav- 
ing time information representing reproduction elapsed 
time represented with a binary coded decimal number, 
the sub code being recorded in association with the 
main data, comprising: reproducing means for repro- 
ducing the main data and the sub code from the data 
record medium; first extracting means for extracting the 
time information from the sub code reproduced by said 
reproducing means; and second extracting means for 
extracting address information represented with a bina- 



ry number from the main data reproduced from said re- 
producing means. 

[0018] A seventh aspect of the present invention is a 
reproducing method for reproducing main data and a 
sub code from a data record medium, the sub code hav- 
ing time information representing reproduction elapsed 
time represented with a binary coded decimal number, 
the sub code being recorded in association with the 
main data, comprising the steps of: reproducing the 
main data and the sub code from the data record medi- 
um; extracting the time information from the sub code 
reproduced at the reproducing step; and extracting ad- 
dress information represented with a binary number 
from the main data reproduced at the reproducing step. 
[0019] According to the present invention, for a data 
record medium such as a high density CD, in consider- 
ation of the compatibility with a conventional medium, 
when necessary, time information including hour infor- 
mation (HOUR) is represented in theSCD notation. For 
a data record medium such as aCD-ROM, in consider- 
ation with the harmonization with a personal computer, 
the notation of "minutes, seconds, and frames" is con- 
verted into the notation of "frames" represented with a 
24-bit (or 23-bit) binary number. For mediums such as 
a CD-R and a CR-RW, in consideration with the harmo- 
nization with a personal computer, ATIP is represented 
with a 24-bit (or 23-bit) binary number. 
[0020] The invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which:- 

Fig. 1 is a block diagram showing the structure of a 
mastering apparatus according to an embodiment 
of the present invention; 

Fig. 2 is a schematic diagram showing an example 
of the format of a frame of a CD according to the 
embodiment of the present invention; 
Fig. 3 is a schematic diagram showing an example 
of the format of sub code frames of the CD accord- 
ing to the embodiment of the present invention; , 
Fig. 4 is a schematic diagram showing an example 
of the format of a sub code portion of the CD ac- 
cording to the embodiment of the present invention; 
Fig. 5 is a schematic diagram showing an example 
of the format of a O channel of the CD according to 
the embodiment of the present invention; 
Fig. 6 is a schematic diagram showing an example 
of the format of a data bit block of the CD according 
to the embodiment of the present invention; 
Fig. 7 is a schematic diagram showing an example 
of the format of a data bit block of TOC of a record 
medium according to the embodiment of the 
present invention; 

Fig. 8 is a schematic diagram showing an example 
of the format of time information of the record me- 
dium according to the embodiment of the present 
invention; 

Figs. 9 A, 9B, and 9C are schematic diagrams show- 
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ing examples of the data format of a CD-ROM ac- 
cording to the present invention; 
Figs. 1 0A and 1 0B are schematic diagrams showing 
examples of the formats of header portions of a con- 
ventional CD-ROM and a high density CD-ROM; 
Fig. 11 is a schematic diagram for explaining a 
method for converting an address represented in 
the BCD notation into an address represented in the 
binary notation; 

Fig. 12 is a block diagram showing the structure of 
a reproducing apparatus according to the embodi- 
ment of the present invention; 
Fig. 1 3 is an enlarged perspective view showing a 
principal portion of pre-grooves of a record medium 
according to the embodiment of the present inven- 
tion; 

Fig. 14 is a schematic diagram showing pre- 
grooves of the record medium according to the em- 
bodiment of the present invention; 
Figs. 1 5A and 1 5B are schematic diagrams showing 
examples of the formats of ATIP of conventional 
CD-R and CD-RW and the formats of ATIP of high 
density CD-R and CD-RW; and 
Fig. 16 is a block diagram showing the structure of 
a recording apparatus according to the embodiment 
of the present invention. 

[0021] Next, with reference to the accompanying 
drawings, an embodiment of the present invention will 
be described. 

[0022] An embodiment of the present invention is a 
mastering apparatus and a reproducing apparatus. The 
mastering apparatus is a recording apparatus that cre- 
ates a maser of a compact disc (CD) as a record medium 
on which digital audio data as main data has been re- 
corded. The reproducing apparatus reproduces digital 
audio data from an audio compact disc (Compact Disc- 
Digital Audio: CD-DA) as a record medium on which dig- 
ital audio data has been recorded. 
[0023] In Fig. 1 , reference numeral 1 0 represents the 
overall structure of the mastering apparatus. As shown 
in Fig. 1 . the mastering apparatus 10 comprises a laser 
11, a light modulator 12, and an optical pickup 13. The 
laser n is for example a gas laser (such as an Ar ion 
laser, a He-Cd laser, or a Kr ion laser) or a semiconduc- 
tor laser. The light modulator 12 is of an acoustooptic 
effect type. The light modulator 12 modulates (turns on 
and off) laser light emitted from the laser 11 correspond- 
ing to a signal that is output from a CD signal generator 
15 (that will be descried later). The optical pickup 13 is 
a recording means that has an objective lens and so 
forth. The optical pickup 1 3 collects laser light that pass- 
es through the light modulator 12 and radiates the col- 
lected laser light to a photoresist (photosensitive sub- 
stance) surface of a disc-shaped glass maser disc 19. 
[0024] The mastering apparatus 1 0 further comprises 
a servo circuit 1 4, a CD signal generator 1 5, a CD-ROM 
data generator 1 6, a sub code generator 1 7. and a spin- 



dle motor 18. The servo circuit 14 performs a tracking 
operation for keeping the distance between the optical 
pickup 1 3 and the glass maser disc 1 9 constant and con- 
trols the rotating and driving operation of a spindle motor 

5 1 8 (that will be described later). The CD signal generator 
15 generates a CD signal recorded on the glass maser 
disc 1 9 and turns on and off the light modulator 1 2 cor- 
responding to CD-ROM data (main data) received from 
a CD-ROM data generator 1 6 (that will be described lat- 

10 er) and a sub code that is received from a sub code gen- 
erator 17 (that will be described later). The CD-ROM da- 
ta generator 16 generates the CD-ROM data. The sub 
code generator 17 generates a sub code (that will be 
described later). The spindle motor 18 rotates and 

is drives the glass maser disc 19. 

[0025] The mastering apparatus 1 0 modulates the la- 
ser light emitted from the laser n corresponding to a 
signal generated by the CD signal generator 15. The 
mastering apparatus 10 radiates the modulated laser 

20 light to the glass maser disc 19 and thereby creates a 
maser on which the CD-ROM data has been recorded. 
[0026] A signal recorded on the glass maser disc 19 
by the mastering apparatus .1 0 is generated by the CD 
signal generator 15. The CD signal generator 15 con- 

25 verts the CD-ROM data generated by the CD-ROM data 
generator 16 and the sub code generated by the sub 
code generator 17 into data corresponding to the CD 
format. The CD signal generator 15 divides 16 bits of 
one sample or one word into high order eight bits and 

30 low order eight bits. Each of the high order eight bits and 
the low order eight bits is treated as a symbol. An error 
correction code encoding process for adding error cor- 
rection parity data or the like with for example CIRC 
(Cross Interleave Reed-Solomon Code) and a scram- 

35 bling process are performed for each symbol. The re- 
sultant data is modulated corresponding to EFM (Eight 
to Fourteen Modulation) method. 
[0027] Fig. 2 shows the data structure of one frame 
that has been modulated. In a CD, with a total of 1 2 sam- 

40 pies (24 symbols) of digital audio data of two channels, 
a parity Q of four symbols and a parity P of four symbols 
are formed. One symbol of a sub code is added to the 
32 symbols. The resultant 33 symbols (264 data bits) 
are treated as one block. In other words, one frame that 

45 has been EFM modulated contains 32 symbols com- 
posed of a sub code, data of 24 symbols, a Q parity of 
four symbols, and a P party of four symbols. 
[0028] In the EFM method, each symbol (eight data 
bits) is converted into 14 channel bits. Three connection 

50 bits are placed between two 14-channel-bit blocks. In 
addition, a frame sync pattern is placed at the beginning 
of the frame. The frame sync pattern is a pattern of 1 1 T, 
11T, and 2T (where T is the period of one channel bit). 
Such a pattern is a unique pattern that does not take 

55 place in the EFM rule. In other. words, with such an 
unique pattern, a frame sync is detected. One frame is 
composed of a total of 588 channel bits. 
[0029] A block of 98 frames is referred to as sub code 
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frame. As shown in Fig. 3. a sub code frame of which 
98 frames are successively arranged in the vertical di- 
rection is composed of a frame synchronization portion, 
a sub code portion, and a data and parity portion. One 
sub code frame is equivalent to 1/75 seconds of the re- 
production time of a conventional CD. 
[0030] A sub code generated by the sub code gener- 
ator 17 is placed in a sub code portion. As shown in Fig. 
4, the sub code portion is composed of 98 frames F01 
to F98. The frames F01 and F02 of the subcode portion 
serve as synchronous patterns of the sub code frames. 
In addition, the frames F01 and F02 serve as patterns 

50 and S1 of an out-of-rule of EFM, respectively. Each 
-bit of the frames F01 to F98 of the sub code portion com- 
poses the P, Q, R, S, T, U, V, and W channels. For ex- 
ample, the P channel is composed of parts of SO and 

51 and P01 toP98. 

[0031] The R channel to W channel are used for a 
specialpurpose such as a still picture and a sub title of 
so-called Karaoke. The P channel and the Q channel 
are used to control the track position of the pickup when 
digital data recorded on the CD-ROM is reproduced. 
[0032] The P channel is used to record a signal "0" in 
a so-called lead in area at the inner peripheral portion 
of the disc and to record a signal that repeats "0" and 
"1" at predetermined intervals in a so-called lead out ar- 
ea at the outer peripheral portion of the disc. In addition, 
the P channel is used to record a signal "1" between 
music programs in a program area formed between the 
lead in area and the lead out area of the disc and to 
record a signal "0" in the other area. The P channel is 
also used to detect the beginning portion of each music 
program when digital audio data recorded on the CD is 
reproduced. 

[0033] The Q channel is used to accurately control the 
pickup when digital audio data is reproduced from the 
CD. As shown in Fig. 5, one sub code frame of the Q 
channel is composed of a synchronous bit portion 21 , a 
control bit portion 22, an address bit portion 23, a data 
bit portion 24, and a CRC bit portion 25. 
[0034] The synchronous bit portion 21 is composed 
of data of two bits. The synchronous bit portion 21 con- 
tains a part of the above-descried synchronous pattern. 
[0035] The control bit portion 22 is composed of data 
of four bits that represent the number of audio channels 
and identify emphasis, digital data, and so forth. When 
the four-bit data of the control bit portion 22 is "0000", it 
represents two-channel audio without pre-emphasis. 
When the four-bit data of the control bit portion 22 is 
"1000", it represents four-channel audio without pre-em- 
phasis. When the four-bit data of the control bit portion 
22 is "0001", it represents two-channel audio with pre- 
emphasis. When the four-bit data of the control bit por- 
tion 22 is "1001°, it represents four-channel audio with 
pre-emphasis. When the four-bit data of the control bit 
portion 22 is "0100", it represents a data track of a so- 
called CD-ROM (CD-Read Only Memory) or the like 
rather than audio data. 



[0036] The address bit portion 23 is composed of data 
of four bits that represent the format and type of data 
contained in the data bit portion 24 (that will be de- 
scribed later). 

5 [0037] The CRC bit portion 25 is composed of data of 
16 bits that contain data for detecting an error of CRC 
(Cyclic Redundancy Check code). 
[0038] The data bit portion 24 is composed of data of 
72 bits. When the four-bit data of the address bit portion 

10 23 is "0001", as shown in Fig. 6, the data bit portion 24 
is composed of a track number portion (TNO) 31 , ah in- 
dex portion (INDEX) 32, an elapsed time minute com- 
ponent portion (MIN) 33, an elapsed time second com- 
ponent portion (SEC) 34, an elapsed time frame portion 

15 (FRAME) 35, a zero portion (ZERO) 36, an absolute 
time minute component portion (AMIN) 37, an absolute 
time second component portion (ASEC) 38, and an ab- 
solute time frame portion (AFRAME) 39. Each of these 
portions is composed of data of eight bits. 

20 [0039] The track number portion (TNO) 31 is repre- 
sented with a two-digit binary coded decimal (BCD) 
number. When the track number portion (TNO) 31 is 
"00", it represents a lead in track number of a track from 
which data is read. When the track number portion 

2S (TNO) 31 is one of "01" to a 99 M , it represents a track 
number of a music program, a movement, or the like. 
When the track number portion (TNO) 31 is "AA" in the 
hexadecimal notation, it represents a lead-out track 
number of a track with which data that is read is corn- 

30 pieted. 

[0040] When the index portion (INDEX) 32 is "00" rep- 
resented with a two-digit BCD number, it represents a 
pause. When the index portion (INDEX) 32 is one of "01 " 
to "99", it represents a sub track of a music program, a 

35 movement, or the like. 

[0041] Each of the elapsed time minute component 
portion (MIN) 33, the elapsed time second component 
portion (SEC) 34, and the elapsed time frame portion 
(FRAME) 35 is represented with a two-digit BCD 

40 number. Thus, the elapsed time (TIME) of each music 
or each movement is represented with a total of six dig- 
its. 

[0042] The eight bits of the zero portion ^ZERO) 36 
are all "0s". 

45 [0043] Each of the absolute time minute component 
portion (AMIN) 37, the absolute time second component 
portion (ASEC) 38, and the absolute time frame portion 
(AFRAME) 39 is represented with a two-digit BCD 
number. These portions represent an elapsed time 

so (AT I ME) from the first music program with a total of six 
digits. 

[0044] As shown in Fig. 7, the data bit portion 24 of 
TOC (Table Of Contents) in the lead in area of the disc 
is composed of a track number portion (TNO) 41 , a point 
55 portion (POINT) 42, an elapsed time minute component 
portion (MIN) 43, an elapsed time second component 
portion (SEC) 44, an elapsed time frame portion 
(FRAME) 45, a zero portion (ZERO) 46, an absolute 
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time minute component portion (PMIN) 47, an absolute 
time second component portion (PSEC) 48, and an ab- 
solute time frame portion (PFRAME) 49. Each of these 
portions is composed of data of eight bits. 
[0045] Each of the track number portion (TNO) 41 , the 
elapsed time minute component portion (MIN) 43. the 
elapsed time second component portion (SEC) 44, and 
the elapsed time frame portion (FRAME) 45 is fixed to 
"00° in the hexadecimal notation. As with the zero por- 
tion (ZERO) 36, the eight bits of the zero portion (ZERO) 
46 are all "Os". 

[0046] When the point portion (POINT) 42 is U A0 W in 
the hexadecimal notation, the absolute time minute 
component portion (PMIN) 47 represents the first music 
program number or the first movement number. When 
the point portion (POINT) 42 is "AT in the hexadecimal 
notation, the absolute time minute component portion 
(PMIN) 47 represents the last music program number 
or the first movement number. When the point portion 
(POINT) 42 is "A2" in the hexadecimal notation, the ab- 
solute time minute component portion (PMIN) 47, the 
absolute time second component portion (PSEC) 48, 
and the absolute time frame portion (PFRAME) 49 rep- 
resent the absolute time (PTIME) at which the lead-out 
area starts. When the point portion (POINT) 42 is rep- 
resented with a two-digit BCD number, the absolute time 
minute component portion (PMIN) 47, the absolute time 
second component portion (PSEC) 48, and the absolute 
time frame portion (PFRAME) 49 represent an address 
at which a music program or a movement starts in an 
absolute time (PTIME). 

[0047] Thus, the Q channel contains time information 
represented with 24 bits although the format of the pro- 
gram area of the disc is slightly different from the format 
of the lead in area. 

[0048] Next, the representing format of the time infor- 
mation will be described in reality. In the following de- 
scription, all the elapsed time minute component portion 
(MIN) 33, the absolute time minute component portion 
(AMIN) 37, the elapsed time minute component portion 
(MIN) 43, and the absolute time minute component por- 
tion (PMIN) 47 are referred to as "MIN". Likewise, all the 
elapsed time second component portion (SEC) 34, the 
absolute time second component portion (ASEC) 38, 
the elapsed time second component portion (SEC) 44, 
and the absolute time second component portion 
(PSEC) 48 are referred to as "SEC". In addition, all the 
elapsed time frame portion (FRAME) 35, the absolute 
time frame portion (AFRAME) 39, the elapsed time 
frame portion (FRAME) 45, and the absolute time frame 
portion (PFRAME) 49 are referred to as "FRAME". 
[0049] In other words, in the following description, 
"MIN" represents at least one of the elapsed time minute 
component portion (MIN) 33, the absolute time minute 
component portion (AMIN) 37, the elapsed time minute 
component portion (MIN) 43, and the absolute time 
minute component portion (PMIN) 47. Likewise, "SEC" 
represents at least one of the elapsed time second com- 



ponent portion (SEC) 34, the absolute time second com- 
ponent portion (ASEC) 38, the elapsed time second 
component portion (SEC) 44, and the absolute time sec- 
ond component portion (PSEC) 48. In addition, 

5 "FRAME" represents at least one of the elapsed time 
frame portion (FRAME) 35, the absolute time frame por- 
tion (AFRAME) 39, the elapsed time frame portion 
(FRAME) 45, and the absolute time frame portion 
(PFRAME) 49. In the following description, information 

10 represented in a combination of "MIN", "SEC", and 
"FRAME" is referred to as time information. 
[0050] As shown in Fig. 8, in the time information, 
eight bits assigned to each of "MIN", "SEC", and 
"FRAME" is divided into high order four bits and low or- 

15 der four bits so as to represent a two-digit decimal 
number. Now, the case that "10 minutes, 10 seconds, 
10 frames" is represented will be considered as a real 
example. In this case, in "MIN", the high order four bits 
denoted by M1 to M4 represent "1" in the decimal nota- 

20 tion, whereas the low order four bits denoted by M5 to 
M8 represent "0" in the decimal notation. Thus, Mt to 
M8 represent "00010000". Likewise, in "SEC" and 
"FRAME", S1 to S8 and F1 to F8 represent "0001 0000" 
and "0001 0000", respectively. 

25 [0051] The above description was focused on a CD- 
DA. However, it should be noted that the present inven- 
tion can be basically applied to the representation of ab- 
solute addresses of digital data recorded on a CD-ROM 
and absolute addresses assigned to pre-grooves of a 

30 CD-R (CD-Recordable) and a CD-RW (CD-Rewritable). 
In other words, the present invention can be applied to 
various types of CDs. In addition, the present invention 
can be applied to a phase change type disc, a magneto- 
optically recordable disc, and so forth as recordable 

35 discs. 

[0052] Next, the case that the present invention is ap- 
plied to for example a CD-ROM will be described. In a 
CD-ROM, the access unit is 2,352 bytes contained in 
98 frames of one period of a sub code. This access unit 

40 is also referred to as block or sector. The length of one 
frame is the same as the length of the sub code frame 
of the above-described CD. Thus, the length of one 
frame is 1/75 seconds. A CD-ROM has three modes that 
are mode 0, mode 1 , and mode 2. As shown in Figs. 9A, 

45 9B, and 9C, the data format of the CD-ROM slightly var- 
ies corresponding to each mode. 
[0053] In other words, as shown in Fig. 9A, in the data 
format of the mode 0, there are a sync portion of 12 
bytes, a header portion of four bytes, and a data portion 

50 of 2336 bytes. The sync portion contains a signal for de- 
limiting a frame. The header portion will be described 
later. The data portion is all "0". The mode 0 is used for 
a dummy block in the case that the lead in area and the 
lead out area are the same as those of the CD-ROM 

55 structure. 

[0054] As shown in Fig. 9B, in the data format of the 
mode 1 , there are a sync portion of 12 bytes, a header 
portion of four bytes, a user data portion of 2048 bytes, 
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and an auxiliary data portion of 288 bytes. The sync por- 
tion contains a signal for delimiting a frame. The header 
portion will be described later The user data portion is 
target information. The auxiliary data portion contains 
an error detection/correction code. In the mode 1 , with s 
the auxiliary data portion, the error correction capability 
is improved. The mode 1 is suitable for recording data 
with high reliability such as character code and compu- 
ter data. 

[0055] As shown in Fig. 9C, in the data format of the 10 
mode 2, there are a sync portion of 12 bytes, a header 
portion of four bytes, and a user data portion of 2336 
bytes. The sync portion contains a signal for delimiting 
a frame. The header portion will be described later. The 
user data portion is target information. In the mode 2, 15 
all areas preceded by the header portion are used as 
the user data portion rather than the additional error cor- 
rection code. The mode 2 is suitable for recording data 
that can be error corrected by an interpolating process 
as with audio data and video data. 20 
[0056] The header portion of a conventional CD-ROM 
has a structure as shown in Fig. 10A regardless of the 
mode 0, 1 , or 2. In other words, the header portion is 
composed of an absolute address portion (ADDRESS) 
of 24 bits and a mode portion (MODE) of eight bits. The 2s 
absolute address portion represents the absolute ad- 
dress of a frame with time information of minutes (MIN), 
seconds (SEC), and frames (FRAME). The mode por- 
tion (MODE) represents one of the above-descried 
modes. 30 
[0057] The absolute address portion (ADDRESS) is 
composed of an absolute address minute component 
portion (MIN), an absolute address second component 
portion (SEC), and an absolute address frame portion 
(FRAME). Each of these portions is composed of eight 35 
bits. The absolute address portion (ADDRESS) is equiv- 
alent to the time information of the O channel of the sub 
code of the above-described CD-DA (namely, they are 
correlated in the relation of one to one). Each of the ab- 
solute address minute component portion (MIN), the ab- *o 
solute address second component portion (SEC), and 
the absolute address frame component portion 
(FRAME) is represented with a two-digit BCD number. 
[0058] A CD-ROM has the above-described sub code 
portion (not shown). The Q channel contains an abso- 
lute address represented with the above-descried 
"MIN", "SEC", and "FRAME". 

[0059] In a modified CD-ROM according to the 
present invention (hereinafter this CD-ROM is referred 
to as high density CD-ROM), to allow time information so 
of digital data that exceeds 80 minutes or 100 minutes 
to be represented, as shown in Fig. 10B, all the areas 
of "MIN", "SEC", and "FRAME" of the header portion are 
represented with a 24-bit binary number. When ad- 
dresses are represented with a 24-bit binary number, 55 
there are combinations of 2 24 = 16777216. Thus, as- 
suming that the data amount of one frame is 2 kbytes, 
data of up to around 33 Gbytes can be represented. 



Thus, the time information of digital data corresponding 
to a high density CD-ROM can be represented. 
[0060] In addition, with one predetermined bit or a plu- 
rality of predetermined bits of 24 bits, address informa- 
tion represented in the BCD notation can be distin- 
guished from address information represented in the bi- 
nary notation. For example, the most significant bit of 
24 bits can be used so that they can be distinguished. 
In the case of an address represented in the binary no- 
tation, °1" is assigned to the most significant bit. When 
a conventional CD-ROM deals with digital data of 99 
minutes, the most significant bit of the time information 
(minutes) may become "1 However, actually, there are 
no discs containing digital data exceeding 80 minutes. 
Thus, the most significant bit does not become "1". In 
other words, the most significant bit is always "0". As a 
result, with the value of the most significant bit of 24 bits 
(eight bytes), an address represented as time informa- 
tion (in the BCD notation) can be distinguished from an 
address represented in the binary notation. They can be 
distinguished with a predetermined one bit or a plurality 
of predetermined bits instead of the most significant bit. 
In addition, since an address represented as time infor- 
mation varies in a different manner from an address rep : 
resented in the decimal notation, they can be distin- 
guished. Corresponding to the difference, the. disc type 
can be determined. 

[0061] As was described above, the format of the time 
information of the Q channel of the sub code of repro- 
duced data of a CD-ROM is the same as that of a CD- 
DA (see Figs. 6 and 7). However, when the time infor- 
mation of the sub code is partly modified, longer time 
information than the conventional time information can 
be represented. In other words, the time information of 
the sub code contains the zero portion (ZERO) 36, 46 
of which all eights are all "Os\ With the zero portion 36, 
46, the time information can be extended. In other 
words, using all eight bits or low order four bits of the 
zero portion 36, 46, information of hours (HOUR) is re- 
corded. Alternatively, all eight bits or lower four bits of 
the zero portion 36, 46 are used for representing the digit 
of "100" of minutes. Thus, time information of the sub 
code corresponding to a high density CD-ROM can be 
represented. 

[0062] Fig. 10C shows the format of the sub code of 
which hour information is recorded with the zone por- 
tion. The eight bits of the zero portion 36 area divided 
into two four-bit portions. The first four-bit area 40a is 
assigned to the "hour" digit (HOUR) of the relative time. 
The second four-bit area 40b is assigned to the "hour" 
digit (AHOUR) of the absolute time. Since the relative 
. hour information is less important, in the case of a high 
density disc, hour information is not actually recorded. 
Instead, these areas contain "FF FF FF Fh". The "hour" 
digit of the absolute time (AHOUR) is represented in the 
BCD code (0 to 9). In a high density disc, for example, 
the start position of the lead in area is 0 hours, 09 min- 
utes, and 50 frames in the absolute time, whereas the 
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start position of the program area is 0 hours, 1 2 minutes, 
and 00 frames in the absolute time. 
[0063] There are two representing methods of ad- 
dresses that are BCD notation (as time information) and 
binary notation. However, they are correlated in the re- 
lation of one to one. Next, with reference to Fig. 11 , the 
relation between two address representing methods will 
be described. When address information represented in 
the BCD notation is converted into that in the binary no- 
tation, the following operation is performed. 
[0064] The sum of (value of "hour" digit x 60 x 60 x 75 
+ value of "minute" digit x 60 x 75 + value of "second" 
digit x 75 + value of "frame" digit) is represented with a 
24-bit (or 23-bit) binary number. 
[0065] in contrast, when an address represented in 
the binary notation is converted into time information 
(HMSF) represented in the BCD notation, the following 
operation is performed. 

[0066] Assuming that the value of the binary number 
of 24 bits (or 23 bits) is a, the following divisions are 
calculated: 

a / (60 x 60 x 75) = H (as quotient) ... b (as remain- 
der) 

b / (60 x 75) = M (as quotient) ... c (as remainder) 
c / 75 = S (as quotient) ... F (as remainder) 

[0067] Next, a reproducing apparatus that reproduces 
data from a CD-ROM copied from a maserthat contains 
a signal of time information represented in the BCD no- 
tation and an signal of address information represented 
in the binary notation by the mastering apparatus 10 will 
be described. The reproducing apparatus can repro- 
duce data from a CD-DA. 

[0068] As shown in Fig. 12, a reproducing apparatus 

50 comprises a spindle motor 51. an optical pickup 52, 
and a waveform shaping portion 53. The spindle motor 

51 rotates and drives a disc 67. The optical pickup 52 is 
a reproducing means having a laser, an optical system, 
and so forth. The laser is for example a gas laser (such 
as a He-Ne laser) or a semiconductor laser. The optical 
system radiates laser light emitted from the laser to the 
disc 67. The waveform shaping portion 53 inputs an RF 
signal read.by the optical pickup 52 from the disc 67 and 
shapes the waveform thereof. 

[0069] The reproducing apparatus 50 also comprises 
a servo circuit 54, an EFM demodulating portion 55, a 
sub code demodulating portion 56, and a system con- 
troller 57. The servo circuit 54 controls the rotating/driv- 
ing operation of the spindle motor 51 corresponding to 
a reproduced clock of the RF signal received from the 
waveform shaping portion 53 and controls the operation 
of the optical pickup 52 corresponding to information 
that is input from the system controller 57. The EFM de- 
modulating portion 55 demodulates a signal that has 
been EFM modulated and outputs digital data and parity 
data. The sub code demodulating portion 56 demodu- 
lates the above-described sub code. The system con- 



troller 57 inputs the sub code demodulated by the sub 
code demodulating portion 56, controls the servo circuit 
54 corresponding to information of the P channel and 
the Q channel and information that is input from an op- 
5 erating portion 62 (that will be described later) , and gen- 
erates information that is displayed on a displaying por- 
tion 61 (that will be described later) corresponding to 
information of the sub code. 

[0070] The reproducing apparatus 50 further compris- 
10 es a CIRC error correcting portion 58, a memory 59, a 
data interpolating portion 66, and a D/A (digital/analog) 
converting portion 60. The CIRC error correcting portion 
58 inputs an eight-bit data demodulated by the EFM de- 
modulating portion 55 and corrects an error of the de- 
ls modulated data corresponding to CIRC method. The 
memory 59 buffers data whose error has been corrected 
by the CIRC error correcting portion 58. The data inter- 
polating portion 66 performs an interpolating process for 
data whose error could not be corrected by the CIRC 
20 error correcting portion 58. The D/A converting portion 
60 converts digital audio data whose error has been cor- 
rected into an analog signal. 

[0071] The CIRC error correcting portion 58 compris- 
es a C1 error correcting portion 63, a deinterleaving por- 

25 tion 64, and a C2 error correcting portion 65. The C1 
error correcting portion 63 performs a C1 sequence er- 
ror correcting process for eight-bit data demodulated by 
the EFM demodulating portion 55. The deinterleaving 
portion 64 deinterleaves data whose error has been cor- 

30 rected by the CI error correcting portion 63. The C2 error 
correcting portion 65 performs a C2 sequence error cor- 
recting process for data that has been deinterleaved. 
[0072] When the disc 67 is a CD-ROM, the interpolat- 
ing process is not performed. An output signal of the 

35 CIRC error correcting portion 58 is supplied to a CD- 
ROM signal processing portion 71 . The CD-ROM signal 
processing portion 71 performs a signal process for a 
signal corresponding to the CD-ROM format. Data that 
is output from the CD-ROM signal processing portion 

40 71 is supplied to an external host computer through an 
interface (not shown). The data that is read from the CD- 
ROM signal processing portion 71 contains an address 
represented in the binary notation. 
[0073] The reproducing apparatus 50 also comprises 

45 the above mentioned displaying portion 61 and operat- 
ing portion 62. The displaying portion 61 displays infor- 
mation generated by the system controller 57 corre- 
sponding to time information of the Q channel. The op- 
erating portion 62 has operation buttons such as a play- 

50 back button and a pause button. 

[0074] An address information reproducing portion 72 
connected to the CD-ROM signal processing portion 71 
extracts address information of the header of the data. 
When the disc 67 is a conventional CD-ROM, the ad- 

55 dress information is represented as time information. 
When the disc 67 is a high density disc, the address in- 
formation is represented in the binary notation. The ex- 
tracted address information is supplied to the system 
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controller 57. The address information is used to seek 
a predetermined position of the CD-ROM. In addition, 
the address information is used to distinguish whether 
the address information is represented in the BCD no- 
tation or the binary notation. Corresponding to the dis- 
tinguished result, it can be determined whether the disc 
67 is a conventional CD-DA (CD-ROM) or a high density 
disc. Corresponding to the determined result, the servo 
system can be adjusted and the gain and so forth of the 
RF equalizer can be adjusted or selected for the disc. 
[0075] Next, the case that the present invention is ap- 
plied to a CD-R and a CD-RW will be described. A CD- 
RW is a phase change type disc of which data can be 
recorded with laser light and data can be reproduced by 
detecting the difference of light amounts. The material 
of the base on which a record film is coated is polycar- 
bonate. Track guide grooves are formed on the base 
material by an injection molding process. They are also 
referred to as pre-grooves. A land is formed between 
adjacent grooves. Grooves are formed successively 
and spirally from the inner periphery to the outer periph- 
ery. On the other hand, a CD-R is a write-once-read- 
many type record medium whose record material is an 
organic pigment. 

[0076] As shown in Fig. 13, on a CD-R and a CD-RW, 
wobbled guide groves are pre-formed (referred to as 
pre-grooves). The pre-grooves are formed by frequen- 
cy-modulating a carrier signal of 22.05 kHz with address 
information and radially wobbling a laser beam with the 
resultant frequency modulated signal. In the CD-R and 
the CD-ROM, with reference to an address obtained 
corresponding to wobble information, the optical pickup 
is moved to a desired write position and data is written 
thereto. When digital data is recorded and/or repro- 
duced with the pre-grooves, a rotation synchronous sig- 
nal for controlling the spindle motor is obtained. As 
shown in Fig. 14, the pre-grooves are formed on the en- 
tire disc and address information is pre-assigned. The 
address information is referred to as ATIP (Absolute 
Time In Pre-grooves) that represent absolute addresses 
on the disc. 

[0077] I n a CD-R and a CD-RW, grooves are wobbled 
corresponding to FM (FSK) at a frequency of + 1 kHz 
with a carrier of 22.05 kHz. When the FM signal is de- 
modulated, a bi-phase signal is obtained with a clock of 
6.3 kHz. When the bi-phase signal is demodulated, data 
of 3150 bits/sec is obtained. Since one second is equiv- 
alent to 75 frames, one frame of ATIP data is composed 
of 42 bits. 

[0078] Fig. 1 5 A shows the data structure of one frame 
of ATIP of conventional CD-R and CD-RW. The ATIP of 
one frame is composed of a sync portion of four bits, an 
absolute address portion (ADDRESS) of 24 bits, and a 
CRC (Cyclic Redundancy Check code) portion of 14 
-bits. The sync portion is used to identify the beginning 
of the ATIP. The absolute address portion (ADDRESS) 
will be descried later. The sync portion is a unique pat- 
tern that does not take place as a bi-phase mark. Three 



eight-bit portions of 24 bits represent minutes, seconds, 
and frames of an address (time information) represent- 
ed in the BCD notation. With the 24 bits, addresses of 
up to 99 minutes. 59 seconds, and 74 frames can be 
s represented. Assuming that the data amount of one 
frame is 2 kbytes, addresses of around 900 Mbytes can 
be represented. 

[0079] In the absolute address portion (ADDRESS), 
the absolute address of a frame is represented with time 

10 information composed of minutes (MIN), seconds 
(SEC), and frames (FRAME). The absolute address 
portion (ADDRESS) is composed of an absolute ad- 
dress minute component portion (MIN), an absolute ad- 
dress second component portion (SEC), and an abso- 

is lute address frame component portion (FRAME). Each 
of these portions is composed of eight bits. The absolute 
address portion (ADDRESS) is equivalent to the time 
information placed on the Q channel of the sub code 
portion of the above-described CD-DA. Each of the ab- 

20 solute address minute component portion (MIN), the ab- 
solute address second component portion (SEC), and 
the absolute address frame component portion 
. (FRAME) is represented with a two-digit BCD code. 
[0080] According to the embodiment of the present in- 

25 vention, as shown in Fig. 1 5B, in a high density disc, the 
address representing portion of. 24 bits is represented 
in the binary notation. When 24 bits are represented in 
the binary notation, addresses of 2 24 = 16777216 can 
be represented. Thus, assuming that the data amount 

30 of one frame is 2 kbytes, data of up to around 33 Gbytes 
can be addressed. Thus, addresses corresponding to a 
high density disc can be represented. In other words, 
when data of the pre-groove area exceeds 80 minutes 
or 100 minutes in high density CD-R and CD-RW, an 

35 absolute address can be represented with a 24-bit or 
23-bit binary number for all areas of "MIN", "SEC", and 
"FRAME" of the ATIP. 

[0081] In the formats of conventional CD-R and CR- 
RW, the most significant bit is not actually used. In other 

40 words, the most significant bit is always "0". Thus, when 
the most significant bit is "1", it represents an address 
in the binary notation. In this case, although time infor- 
mation or addresses that can be represented is halved, 
much more addresses than conventional discs can be 

45 represented, in addition, instead of address information, 
additional information can be distinguished with the 
most significant bit. 

[0082] Since the process for assigning absolute ad- 
dresses to pre-grooves is the same as the process of 

50 which the mastering apparatus 1 0 records time informa- 
tion to a disc, the description of the process is omitted. 
[0083] As an example of the recording apparatus that 
records data to a disc on which grooves have been 
formed and absolute addresses have been assigned to 

55 the grooves, a CD recorder is known. The format of data 
recorded on a disc by the CD recorder is the same as 
the data format of the above-described CD-ROM. At this 
point, the Q channel recorded in association with data 
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and the absolute address represented with the header 
portion of the data are recorded as time information in 
such a manner that they synchronize with the absolute 
address represented by the ATIP. 
[0084] With reference to Fig. 16, an example of the 
structure of a CD recorder will be described. In Fig. 16, 
reference numeral 81 is an optical disc - for example a 
CD-RW. The optical disc 81 is rotated and driven by a 
spindle motor 82. An optical pickup 83 is disposed so 
as to record data to the optical disc 81 and reproduce 
data therefrom. The optical pickup 83 is traveled in the 
radius direction of the optical disc 81 by a feeding motor 
84. 

[0085] Data is supplied from an external host compu- 
ter 90 to the drive through an interface 88. An encoder/ 
decoder block 85 is connected to the interface 88. A 
buffer memory 86 is connected to the encoder/decoder 
block 85. The buffer memory 86 stores write data or read 
data. The write data is supplied from the interface 88 to 
the encoder/decoder block 85. The encoder/decoder 
block 85 converts the write data into sector structured 
data. In addition, the encoder/decoder block 85 encodes 
the write data with an error correction code. Moreover, 
the encoder/decoder block 85 performs an EFM modu- 
lating process and a frame synchronous signal adding 
process. 

[0086] In addition to the ATIP, the encoder/decoder 
block 85 adds addresses as a sub code to write data 
and to the header of data. 

[0087] Frame structured data is supplied from the en- 
coder/decoder block 85 to a laser driver 87. The laser 
driver 87 generates a drive wave form having a prede- 
termined level so as to record data to the optical disc 
81 . An output signal of the laser driver 87 is supplied to 
the optical pickup 83. The optical pickup 83 records the 
data to the optical disc 81 . The laser output of the laser 
driver 87 is properly controlled by an APC (Automatic 
Power Control) of an RF signal processing block 91 . 
[0088] The optical pickup 83 reproduces data from the 
optical disc 81 . A signal detected by a four-divided photo 
detector is supplied to the RF signal processing block 
91 . In the RF signal processing block 91 , a matrix am- 
plifier calculates a detection signal received from the 
photo detector and generates a reproduction (RF) sig- 
nal, a wobble signal, a tracking error signal TE, and a 
focus error signal FE. The RF signal is supplied to the 
encoder/decoder block 85. The wobble signal is ob- 
tained as a push pull signal is supplied to an ATIP de- 
modulator 92. The tracking error signal and the focus 
error signal are supplied to a servo block 94. 
[0089] The encoder/decoder block 85 performs an 
EFM demodulating process, an error correction code 
decoding process (namely, an error correcting process), 
and a de-sectoring process (for converting sector struc- 
tured data into reproduction data). In the encoder/de- 
coder block 85, the reproduction data is stored in the 
buffer memory 86. When the encoder/decoder block 85 
receives a read command from the host computer 90, 



the encoder/decoder block 85 sends read data to the 
host computer 90 through the interface 88. 
[0090] An ATIP demodulator 92 supplies the wobble 
signal to an FM demodulator through a band pass filter 
5 that passes only a signal with a carrier f requency (22.05 
kHz). The FM demodulator outputs a bi-phase signal. In 
addition, a clock signal is obtained from the bi-phase 
signal. The clock signal is used to control the spindle 
motor 82. With the clock signal, address data is extract- 
to ed from the bi-phase signal. The address data is sup- 
plied from the ATIP demodulator 92 to a controlling mi- 
crocomputer 93. The controlling microcomputer 93 con- 
trols the seek operation using the address. The control- 
ling microcomputer 93 controls the interface 88, the en- 
*5 coder/decoder block 85, the RF signal processing block 
91 , and the servo block 94. 

[0091 ] The frame synchronous signal, the tracking er- 
ror signal, and the focus error signal received from the 
RF signal processing block 91 and the clock signal re- 

20 ceived from the ATIP demodulator 92 are supplied to 
the servo block 94. The servo block 94 performs a tack- 
ing servo operation and a focus servo operation for the 
optical pickup 83. In addition, the servo block 94 per- 
forms a spindle servo operation for the spindle motor 82 

25 and a thread servo operation for the feeding motor 84. 
[0092] Next, the recording operation of the CD record- 
er according to the present invention will be described. 
Record data received from the host computer 90 is 
stored to the buffer memory 86 through the interface 88. 

30 The controlling microcomputer 93 controls the servo 
block 94 so that data is recorded at a desired position 
of the optical disc 81 . The servo block 94 operates the 
spindle motor 82 and the feeding motor 84 so as to con- 
trol the position of the optical pickup 83 against the op- 

35 tical disc 81 . The ATIP information formed on the optical 
disc 81 is demodulated by the ATIP demodulator 92 
through the optical pickup 83. The demodulated ATIP 
information is supplied from the ATIP demodulator 92 to 
the controlling microcomputer 93. When the loaded op- 

40 tical disc 81 is a high density disc, the ATIP information 
is input as binary data to the controlling microcomputer 
93. The controlling microcomputer 93 determines that 
the optical disc 81 is a high density disc corresponding 
to the contents of the ATIP information received from 

45 the ATIP demodulator 92. In addition, the controlling mi- 
crocomputer 93 determines the position of the optical 
pickup 83 against the optical disc 81 with the obtained 
binary data. The encoder/decoder block 85 adds an er- 
ror correction code to the record data stored in the buffer 

50 memory 86. In addition, the encoder/decoder block 85 
converts the record data into sectors shown in Fig. 9. 
The absolute address contained in the header portion 
is added in synchronization with the ATIP at the record 
positon on the optical disc 81 by the controlling micro- 

55 computer 93. When the optical disc 81 is a high density 
disc, since the ATIP information (see Fig. 15B) and the 
absolute address (see Fig. 10B) added to the header 
portion are composed of binary data, the controlling mi- 
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crocomputer 93 can directly use the ATIP information at 
the record position as the address of the header portion. 
In addition, the encoder/decoder block 85 adds error 
correction parity data and a sub code to record data that 
has been converted into data in the CD-ROM format. As 
a result, the encoder/decoder block 85 forms a sub code 
frame as shown in Fig. 3. When the optical disc 81 is a 
high density disc, the absolute time information placed 
on the Q channel of the sub code, (where time informa- 
tion includes the "hour* digit (AHOUR) as shown in Fig. 
10C). is recorded with a BCD code. Thus, as was de- 
scribed with reference to Fig. 11 , the controlling micro- 
computer 93 converts the ATIP information at the record 
position into a BCD code. The absolute time information 
placed on the Q channel is added to the record data cor- 
responding to the converted ATIP information. In addi- 
tion, the encoder/decoder block 85 EFM-modulates the 
record data as sub code frames. The resultant data is 
supplied to the laser driver 87. The laser driver 87 drives 
the optical pickup 83 in synchronization with the input 
record data and radiates laser light with a predetermined 
record power to a designated position of the optical disc 
81 so as to record the record data to the optical disc 81 . 
[0093] In the above described example, the ATIP in- 
formation has been recorded as binary data on the op- 
tical disc 81. When the ATIP information has been re- 
corded as a BCD code composed of "hour 11 , "minute", 
"second", and "frame" digits, the controlling microcom- 
puter 93 converts the ATIP information into binary data 
so that the ATIP information corresponds to the address 
information recorded in the header portion. 
[0094] Thus, in the CD recorder according to the 
present invention, data can be handled among a plural- 
ity of different address representing formats. 
[0095] As described above, when the CD recorder 
records data, the CD recorder performs an ATIP demod- 
ulating process so as to reproduce an address of ATIP 
in the binary notation. In addition, when the CD recorder 
records data exceeding 80 minutes or 1 00 minutes, the 
CD recorder reads an address of ATIP and accurately 
reproduces.it as with the above-described reproducing 
apparatus 50. Corresponding to the address of ATIP 
represented in the binary notation, the CD recorder 
records the.address represented in the binary notation 
to the header portion of the record data along therewith. 
In addition, the CD recorder records "HOUR", "MIN", 
"SEC", and "FRAME" of the Q channel as time informa- 
tion and represents an absolute address of the record 
data. The CD recorder converts the address represent- 
ed in the binary notation into time information in the 
above-described manner. The sub code may the same 
as that of the conventional CD-DA. Alternatively, the 
"hour" digit may be recorded to the zero portion. In ad- 
dition, the "minute" digit may be extended to the zero 
portion. 

[0096] As is clear from the above description, accord- 
ing to the present invention, as magneto-optical record 
mediums such as a CD-ROM, a CD-R, and a CD-RW 



of high density type are becoming common, even if ad- 
dresses exceeding 99 minutes, 99 seconds, 74 frames 
are required, data record mediums corresponding to 
such addresses can be provided. 

5 [0097] In consideration with a problem of a time rep- 
resentation such as playback time, since time informa- 
tion recorded as a sub code is represented in the BCD 
notation as with conventional discs, high density discs 
with high compatibility with conventional discs can be 

10 accomplished. 

[0098] In addition, since each of address information 
of the header portion of a CD-ROM and record informa- 
tion of ATIP is represented with a 24-bit binary number, 
they are highly harmonized with a computer environ^ 

is ment, easily used, and applicable to a storage capacity 
of up to 33 Gbytes. 

[0099] in addition, the formats of a CD-ROM, a CD- 
R, and a CR-RW are the same as those of conventional 
discs except for the address representing portion of 24 

so bits. Thus, required circuits and software can t>e sup- 
pressed from being largely changed. As a result, it is 
easy to have compatibility with conventional discs. 
[0100] In addition, since the disc type can be distin- 
guished corresponding to the address information of the 

25 header portion of a CD-ROM and the representing 
method of the record address information of ATIP, the 
servo and RF equalizer can be properly set correspond- 
ing to the disc. 

[0101] Although the present invention has been 
30 shown and described with respect to a best mode em- 
bodiment, thereof, it should be understood by those 
skilled in the art that the foregoing and various other 
changes, omissions, and additions in the form and detail 
thereof may be made therein without departing from the 
35 spirit and scope of the present invention. 



Claims 

40 i . A data record medium for recording a digital signal 
composed of main data and a sub code, the sub 
code having time information representing repro- 
duction elapsed time, the subcode being recorded 
in association with the main data, comprising: 

45 a subcode area where the time information 

represented with a binary coded decimal number is 
recorded, a header area for address information 
that is a part of the main data and that is in synchro- 
nization with the time information, and a data area 

so for user data that is received from the outside as a 
part of the main data, the address information being 
represented with a binary number. 

2. A data record medium on which record address in- 
55 formation as a guide for data has been recorded 
with a binary number, 

wherein the data record medium has a record 
area for main data and a sub code corresponding 
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to the record address information, the sub code 
having time information representing reproduction 
elapsed time in a binary coded decimal notation in 
association with the main data. 

3. The data record medium as set forth in claim 2, 

wherein guide grooves wobbled at a predeter- 
mined period have been formed and the record ad- 
dress information modulated at the predetermined 
period has been assigned to the guide grooves. 

4. The data record medium as set forth in claim 1 , 2 
or 3, 

wherein the time information is composed of 
minute information representing a minute compo- 
nent, second information representing a second 
component, and frame information representing a 
frame component. 

5. The data record medium as set forth in claim 4, 

wherein the time information is further com- 
posed of hour information representing a hour com- 
ponent. 

6. The data record medium as set forth in claim 4 or 5, 

wherein each of the minute information, the 
second information, and the frame information is 
represented with a one-byte binary coded decimal 
number. 

7. The data record medium as set forth in any one of 
the preceding claims, 

wherein the address information is composed 
of up to three bytes. 

8. The data record medium as set forth in any one of 
the preceding claims, 

wherein the unit of the address information is 
a frame. 

9. The data record medium as set forth in any one of 
the preceding claims, 

wherein the address information and the time 
information are correlated in the relation of one to 
one. 

10. The data record medium as set forth in claim 2, 

wherein the main data has address informa- 
tion represented with a binary number in synchro- 
nization with the time information. 

11. The data record medium as set forth in claim 10, 

wherein the data structure of the record ad- 
dress information is almost the same as the data 
structure of the address information. 

12. The data record medium as set forth in any one of 
the preceding claims, 



wherein the main data has been modulated 
corresponding to EFM method. 

13. The data record medium as set forth in any one of 
5 the preceding claims,. 

wherein the data record medium is composed 
of an organic pigment. 

14. The data record medium as set forth in any one of 
10 claims 1 to 12, 

wherein the data record medium is a phase 
change type record medium. 

15. The data record medium as set forth in any one of 
is claims 1 to 12, 

wherein the data record medium is a magne- 
to-optical type record medium. 

16. The data record medium as set forth in any one of 
20 claims 1 to 12, 

wherein the data record medium is formed 
corresponding to a pit-and-land physical change. 

17. The data record medium as set forth in any one of 
25 the preceding claims, 

wherein the data record medium has an iden- 
tifier representing a high density structure against 
CD standard. 

30 18. A recording apparatus for recording main data and 
a sub code to a data record medium, the sub code 
having time information representing reproduction 
elapsed time, the sub code being recorded in asso- 
ciation with the main data, comprising: 

35 

means for generating the time information with 
a binary coded decimal number; 
converting means for converting the binary 
coded decimal number into a decimal number; 

40 and 

recording means for causing said converting 
means to convert address information con- 
tained in the main data and is in synchroniza- 
tion with the time information into a binary 

45 number and recording the resultant data along 

with the time information to the data record me- 
dium. 

19. A data recording apparatus for recording main data 
so and a sub code to a data record medium, the sub 
code having time information representing repro- 
duction elapsed time, the sub code being recorded 
in association with the main data, comprising: 

55 means for generating address information that 

is contained in the main data, is in synchroni- 
zation with the time information, and is repre- 
sented with a binary number; 
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converting means for converting the binary 
number into a binary coded decimal number; 
and 

recording means for forming a sub code with 
the time information converted into the binary 5 
coded decimal number by said converting 
means and recording the sub code along with 
the main data to the data record medium. 

20. A data recording apparatus for recording data to a io 
data record medium on which record address infor- 
mation for recording data have been formed with a 
binary number and the record address information 
has been assigned with guide grooves wobbled at 
predetermined intervals, comprising: *5 

reproducing means for reproducing the record 
address information from the data record me- 
dium; 

first recoding means for recording time informa- 20 
tion representing reproduction elapsed time of 
main data in synchronization with record ad- 
dress information reproduced by said repro- 
ducing means with a binary coded decimal 
number, the time information being in associa- 25 
tion with the main data; and 
second recording means for recording the main 
data. 

21 . A reproducing apparatus for reproducing main data so 
and a sub code from a data record medium, the sub 
code having time information representing repro- 
duction elapsed time represented with a binary cod- 
ed decimal number, the sub code being recorded in 
association with the main data, comprising: 35 

reproducing means for reproducing the main 
data and the sub code from the data record me- 
dium; 

first extracting means for extracting the time in- 40 
formation from the sub code reproduced by 
said reproducing means; and 
second extracting means for extracting ad- 
dress information represented with a binary 
number from the main data reproduced from 45 
said reproducing means. 

22. A reproducing method for reproducing main data 
and a sub code from a data record medium, the sub 
code having time information representing repro- so 
duction elapsed time represented with a binary cod- 
ed decimal number, the sub code being recorded in 
association with the main data, comprising the 
steps of: 

55 

reproducing the main data and the sub code 

from the data record medium; 

extracting the time information from the sub 



code reproduced at the reproducing step; and 
extracting address information represented 
with a binary number from the main data repro- 
duced at the reproducing step. 
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